[Abstract] The process of protein ubiquitination typically consists of three sequential steps to add an ubiquitin (Ub) or Ub chain to a substrate protein, requiring three different enzymes, ubiquitin activating enzyme (E1), ubiquitin conjugating enzyme (E2), and ubiquitin protein ligase (E3). Most E2s possess the classical E2 activity in forming E2-Ub complex through a thioester linkage, in presence of an E1 and Ub. Additionally, some E2s have the ability of catalyzing the formation of free Ub dimer. Such activity indicates an important role of these E2s in ubiquitination pathway. Thus, we developed an in vitro Ub dimer formation assay to determine the activity of certain E2s. Moreover, by using Ub mutants, in which different lysine residues are mutated, the specific linkage of dimer can also be determined.
7. Transfer the proteins to a piece of PVDF membrane at 120 V for 120 min using Bio-Rad Mini
Trans-Blot ® Cell. The transfer apparatus is placed into a bucket with ice to reduce heat production during the transfer.
8. Incubate the membrane in 10 ml of 1x PBS containing 5% skimmed milk powder for 0.5 h at room temperature for the blocking treatment.
9. Incubate the membrane with primary antibody (anti-ubiquitin antibody, antibody dilution ratio:
1:40,000) in 10 ml 1x PBST containing 3% skimmed milk powder overnight at 4 °C.
10. Wash the membrane with 1x PBST for three times at room temperature (20 ml, 10 min each).
11. Incubate the membrane with secondary antibody (goat anti-mouse antibody conjugated to HRP, antibody dilution ratio: 1:7,000) in 1x PBST containing 3% skimmed milk powder for 1 h at room temperature.
12. Wash the membrane with 1x PBST for three times at room temperature (20 ml, 10 min each). 
Data analysis
Purified Arabidopsis recombinant E2 UBC22 fused with 6x His tag (His-UBC22) was tested in the in vitro Ub dimer formation assay. As shown in Figure 1 
